The most effective therapy defined for the patients with obstructive sleep apnea syndrome (OSAS) is the continuous positive airway pressure (CPAP). In this study, we aimed to construct a CPAP prediction formula in Turkish population in order to decrease the requirements for polysomnography (PSG) laboratories. The demographic features, age, gender, weight and height of the participants were recorded at the first visit, together with the neck, waist and hip circumferences. Epworth Sleepiness Scale (ESS) was used to evaluate the levels of daytime sleepiness. All patients underwent at least two PSG studies. In a total of 269 patients with a mean age of 53.42 ±13.32 years were included in the study. In step-wise multiple regression analysis; BMI, AHI, ARI, and neck circumference were the independent predictors of CPAP. A new formula was developed using these values: CPAP pred: (BMI X 0.138) + (AHI X 0.044) + (ARI X 0.056) +(NECK X 0.151) -6.180. The mean CPAP was 7.70 ±2.48 and the mean CPAP pred was 7.71 ±1.53. When the mean CPAP and CPAP pred values were compared, there was not a significant difference with a p value of 0.846. There was a significant correlation between CPAP and CPAP pred values (p:0.001 and r:0.613). We determined that, predicting CPAP with high accuracy may be possible with formulations. These formulations are important in order to reduce the requirements for repeated PSG. Further, larger, prospective studies are required to increase the accuracy of CPAP predicting formulas.
Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by repeated obstruction of the upper airways during sleeping, which results in the blockade of breathing and excessive daytime sleepiness. OSAS is a public health problem with many social, legal, and economic impacts (1, 2) . The most effective therapy defined for the patients with OSAS is the continuous positive airway pressure (CPAP) (3, 4) . The gold standard for the determination of CPAP is the conventional manual titration under attended polysomnography (PSG). However, this is time-consuming and causing long lists for PSG laboratories since PSG is not available in all medical centers.
In previous literature, there are some formulas suggested in different ethnic populations, to predict CPAP without repeated PSG séances. The most commonly used parameters in those formulas were body mass index (BMI), neck circumference (NC), and apnea-hipopnea-index (AHI). In previous literature, it was clearly defined that, using a predictive formula derived from the same ethnic group is more appropriate than using one based on a different ethnic group (5) (6) (7) .
To the best of our knowledge, the data regarding the predicting CPAP with preceding PSG findings and anthropometric measures is limited in Turkish population in previous literature. In this study, we aimed to construct a CPAP prediction formula in Turkish population in order to decrease the requirements for PSG laboratories, in our developing country.
Material and Method
In a total of 269 patients with OSAS, diagnosed and treated in Esrefpasa Municipality Hospital, sleep laboratory between January 2016 and January 2019 were included in the study.
The study was approved by the local ethics committee. Informed consent was obtained from all participants. The demographic features, age, gender, weight and height of the participants were recorded at the first visit, together with the neck, waist and hip circumferences. Body mass index (BMI) was calculated as weight /(height) 2 . Epworth Sleepiness Scale (ESS) was used to evaluate levels of daytime sleepiness (8) . All subjects having an apneahypopnea index (AHI) value >5 events/h were diagnosed with OSAS at an initial overnight diagnostic polysomnography were included in the study.
All patients underwent at least two PSG studies using the Alice4 system (Philips Respironics GK). The first was to diagnose OSAS and the second was to determine the optimal CPAP. During PSG, biological variables were incessantly recorded using electrocardiography, electroencephalography, submental and anterior tibial electromyography and electrooculography. Air flow was measured by a nasal cannula with a pressure transducer. Chest and abdominal movements were monitored. Arterial oxygen saturation was analyzed continuously by pulse oximetry. Body position was assessed by a monitor and a sensor.
During PSG, sleep-related respiratory events and arousals were scored according to the American Academy of Sleep Medicine Manual for Scoring Sleep and Associated Events (9) . The oxygen desaturation index (ODI) was defined as the number of desaturation > 3% per hour of sleep. Obstructive apnea was defined as the absence of airflow for longer than 10 seconds; obstructive hypopnea was defined as at least 50% reduction in airflow for longer than 10 seconds, and was associated with an electroencephalographic arousal or desaturation of > 3%. The apnea-hypopnea index (AHI) was calculated as the number of apnea and hypopnea events per hour of sleep. AHI score between 5 and 14 was defined as mild, between 15 and 29 was considered as moderate and AHI ≥ 30 was considered as severe OSAS.
Auto-titrating CPAP was used in the sleep laboratory within a week after the diagnostic study to get a fixed CPAP pressure value.
Statistical Analyses
Statistical analyses were performed using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). All data were presented as mean ± standard deviation (SD) for continuous variables and as frequencies (%) for categorical variables. Pearson correlations were performed between titrated CPAP and sleep architecture measures as well as the demographic and anthropometric data. Stepwise multiple regression analysis was performed to define the association of these parameters with CPAP. A new formula was adopted to predict the CPAP. These two CPAP values, predicted and titrated, were compared with paired samples t test and their correlation was analyzed with Pearson correlation analysis. Statistical significance was set at p < 0.05.
Results
In a total of 269 patients with a mean age of 53.42 ±13.32 years were included in the study. Among participants 115 (42.8%) were female and 154 (57.2%) were male. Baseline characteristics of the study participants are summarized in Table 1 . In all study participants, the correlation of CPAP with demographic, anthropometric and PSG findings are analyzed. The results of correlation analysis are summarized in Table 3 . In step-wise multiple regression analysis including all those variables with significant correlations; BMI, AHI, ARI, and neck circumference were the independent predictors of CPAP. In that aspect, a new formula was obtained: CPAP pred: (BMI X 0.138) + (AHI X 0.044) + (ARI X 0.056) +(NECK X 0.151) -6.180
The mean CPAP was 7.70 ±2.48 and the mean predicted CPAP (CPAP pred) was 7.71 ±1.53. When the mean CPAP and CPAP pred values were compared, there was not a significant difference with a p value of 0.846. There was a significant correlation between CPAP and CPAP pred values (p:0.001 and r:0.613). In 119 (44.2%) patients, the formula predicted the titrated CPAP within less than 1 cm-H2O difference. In 193 (71.7%) patients, the formula predicted the titrated CPAP within less than 2 cm-H2O difference. The distribution of CPAP titrated and CPAP predicted is summarized in Figure 1 and the differences between CPAP titrated and CPAP predicted is shown in Figure 2 . 
Discussion
In this study, we analyzed the parameters specifically important in CPAP prediction, in the absence of titration with a second PSG; and we determined that with a formula including BMI, AHI, ARI, and neck circumference, CPAP could be predicted with a high correlation with titrated CPAP in Turkish population. Secondary PSG requirement, for the CPAP titration in patients diagnosed with OSAS, generates some great problems such as long lists in PSG laboratories causing waste of time and money. For that reason, some alternative methods are investigated in previous literature and some formulas were suggested. Lin et al (10) reported that, in Taiwanese people with moderate to severe OSAS, a prediction model based on only AHI and BMI was accurately predicting CPAP. They also reported that, inclusion of other parameters such as neck circumference did not improve the accuracy of prediction of the formula. In Japaneese patients, Akahoshi et al (11) reported that AHI, BMI, mean SaO2 and a cephalometric parameter were the independent predictors of optimal CPAP. Hoffstein and Séries formulas are the most commonly used formulas for this purpose in previous literature, and both are based on BMI, neck circumference and AHI (12, 13) . In a prospective study on 1,111 patients with OSAS in Greek population, Schiza et al (14) reported that both Hoffstein formula and another formula including AHI, BMI, smoking history and gender adjustment; successfully predicted the CPAP pressure. In Korean subjects with OSAS, Lee at al (15) defined a new formula based on BMI, minimal SpO2, respiratory disturbance index and Epworth Sleepiness Scale for the prediction of CPAP. They reported that, this formula was somewhat better to predict optimal CPAP level in Asian subjects than the Hoffstein equation; but it did not accurately predict the prescribed CPAP level. In Turkish population we found only one study regarding the prediction of CPAP in OSAS patients. In that study, Basoglu and Tasbakan (16) defined a new formula including neck circumference and oxygen desaturation index for the prediction of CPAP and they reported that the predicted CPAP was having a significant correlation with the titrated CPAP. Cancelo et al (17) compared Hoffstein equation with another prediction formula based on the same parameters with Hoffstein; and reported that correlation of predicted formulas with titrated CPAP was not good. In a study of Roman et al (18) in 2514 male patients, Hoffstein formula was reported to underestimate CPAP pressure and in contrast Séries formula was overestimating the titrated CPAP. In a systematic review of literature for mathematical equations used to predict effective pressures for positive airway pressure (PAP) devices, BMI and mean oxygen saturation were reported to be the most heavily weighted criteria (19) . In fact, our results are consistent with the previous literature. BMI, AHI, and neck circumference are the most commonly included determinants in predicting CPAP. However, one interesting finding of this study was the role of ARI in prediction of CPAP. To the best of our knowledge, this is the first study in literature defining a CPAP prediction formula based on ARI. In children arousal index was reported to be associated with the endothelial dysfunction (20) . In adults, arousal index was an independent predictive factor for the occurrence of atherosclerosis and insulin resistance (21, 22) . In that aspect arousal index seems to be a good predictor of systemic inflammation in OSAS and we determined that, it has a significant role in predicting CPAP.
There are some limitations of the study that should be mentioned. The main limitation was that; the population was not homogenous in terms of the severity of OSAS which may alter the results. Second, we did not analyze the efficacy of the titrated CPAP values in further follow-ups.
In conclusion, we determined that, predicting CPAP with high accuracy may be possible with formulations. These formulations are important in order to reduce the requirements for repeated PSG. Further, larger, prospective studies are required to increase the accuracy of CPAP predicting formulas in different populations.
